Abstract: A new enantioselective synthesis of a-amino acids are described in which the key step is the enantioselective reduction of E, and Z furyl ketone oxime ethers with chiral boron complexes. The chirality of amino acid is fully controlled by appropriate choice of geometrical isomer of the oxime ether.
As illustrated in Scheme 1, the furyl ketone 1 was selectively converted to the E or Z oxime E-2 and 2 2 using Wargha procedure and other described methods in the literature' in good yield. The reaction of oximes with NaH, and benzyl bromide gave the corresponding 0-benzy oxime ethers 3 in good yield without isomerization. The direct synthesis of oxime ethers using furyl ketones and 0-benzyl hydroxylammonium hydrochloride gave a mixture E1Z isomers, that were separated by column chromatography. (E) and (Z) isomers are identified by the 'H NMR (200 MHz): the (E) isomer displays three multiplets of furane ring at 6 6.35, 6.61 and 7.41 ppm(C-4, C-3, C-5 H) and the (Z) isomer displays the signal of C-3 H down field shift by 7.4 ppm. Purity of the (E) and (Z) isomers was apparent by glc analysis of the corresponding 0-benzy derivatives of oximes. The enantioselective reduction of oxime ethers was carried out with chiral boron reagents prepared from (-)-norephedrine and BH3.THF complex3. The reduction of oxime ethers with this reagent gave the furyl amines 4 in 88-96 % ee and in good chemical yield (Table 1) . We have also used commercially available chiral amino alcohols such as (S)-prolinol, (S)-valinol, (lR,2S)-ephedrine ; and the ones prepared in our laboratory starting from (S)-proline, of which the structure are given below. The optically yield of the amines from the reaction of oxime ethers, which are listed in Table 1 , with the above chiral amino alcohols ranged from 47 % to 95 % (Table 2 ). Among the above chiral alcohols , the highest ee , which is comparable to the values obtained with (-)-norephedrine, was observed wen we used the amino alcohol C. 
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The maximum optical yield was obtained when the ratio of borane, amino alcohol and oxime ether ca 2.5:1.25:1.0. An excess of the borane relative to the amino alcohol gave a low optically yield. We found that by changing the (E) , (Z) geometry, we could selectively get each enantiomer of the corresponding furyl amines (Scheme 1, Table 1 ).In all of the examples, the chiral amino alcohols are easily recovered.
The results indicate that the prochiral nitrogen moiety is responsible for the high selectivity but not the prochiral carbon. The suggested mechanism for the reduction reaction with (-)-norephedrine is shown in Scheme 24.
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In all cases the furyl amines 4 was converted into their N-benzoyl or acetyl derivatives in good yield. The ozonolysis of N-acyl furyl amines 55 gave the corresponding N-acyl amino acids 6 in high yields. This oxidation was carried out also with KMnO46 and RuCh /NaIO:.
A typical procedure is described for the preparation of N-benzoyl 1-alanine: The reaction of 0.1 mol (1 1.0 g) furyl methyl ketone la and 0.125 mol(8.69 g) hydroxylamine hydrochloride gave according to Wargha procedure' 10.25 (82 %) (E)-2a. m.p. 104-105 "C (lit2 104 "C).' H NMR (CDC13) 6 2.20 (s,3H,CH3) , 6.36-6.44 (m,lH,C-4 H), 6.57-6.65 (m.lH,C-3 H), 7.37-7.50 (m,lH,C-5 H), 9.94 (s,broad,lH, NH). To a suspension of 50 mmol(l.2 g) NaH in 60 ml of dry DMF at 0°C was added 40 mmol (5.0 g) of oxime (E)-2a dissolved in 50 ml of DMF. The reaction mixture was stirred (lh 0°C) and 50 mmol (5.97 ml) benzyl bromide was added. The mixture was stirred ( 2h) at RT. After work up and purification by flash chromatography (EtOAc/pentane 1:lO) 6.9 g (83%) oxime ether (E)-3a was obtained as colorless oil. H Nh4R (CDCl,) 6 2.15 (s,3H,CH3), 5.18 (s, 2H, CHz), lH, H), lH, 6H, ; IR(TF) 3140-2885 3140- , 1600 3140- , 1490 3140- 1450 H,6.21; N,6.71. C13H13N02 requires C,72.53; H,6.08; N,6.50 %) .A solution of borane (20 mmol) in THF (20 ml) was added under argon dropwise to a 10 mmol (1.51 g) (-)-norephedrine solution in 10 ml THF at -20 "C. The resulting mixture was warmed to -5 "C and stirring continued by this temperature for 16 h before 8 mmol (1.72 g) of oxime ether (E)-3a in 10 ml of THF was added dropwise. The resulting solution was stirred at RT for 48 h and was decomposed by slowly addition of 2M-HCl.The mixture was then extracted with ether ,treated with ammonium hydroxide , and extracted again with ether . The ether layer was dried and evaporated to give a colorless oil which upon distillation ( kugelrohr , b.p. 80-95 "C /11 mm Hg) hrnished 683 mg (77 % ) amine (S)-4a. 
